1. Introduction
===============

Lung cancer is one of the most common malignancies and the leading cause of cancer-related death in the world and China. Non-small cell lung cancer (NSCLC) has the highest incidence, accounting for over 80% of lung cancer patients. As the early symptoms are not obvious, the vast majority of lung cancer patients have been diagnosed at the advanced stages.^\[[@R1]\]^ Despite the significant progress with the targeted and immunotherapeutic agents in the treatment of advanced NSCLC over the last decade, there is no standard treatment for patients with advanced metastatic NSCLC experiencing progression after 2 or more lines of standard treatment. Currently, Clinical trials or palliative care are generally recommended by the guidelines. For these patients with acceptable Eastern Cooperative Oncology Group (ECOG) scores, whether antiangiogenic drugs with definite curative effect and small side effect could be an option is widespread concerned.

Vascular endothelial growth factor (VEGF) family proteins are the most important cytokines that induce tumor angiogenesis.^\[[@R2]\]^ The VEGF family consist of VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and placental growth factor. VEGF-A can increase vascular permeability and promote angiogenesis.^\[[@R3]\]^ VEGF-B forms a dimer with VEGF-A to exert its effect.^\[[@R4]\]^ The transmembrane receptors required for VEGF family signaling include Flt-1 (VEGFR-1), KDR (VEGFR-2), Flt-4 (VEGFR-3), Neuropilin-1, and Neuropilin-2.^\[[@R5]\]^ Transmembrane receptors have an intrinsic tyrosine kinase activity. VEGF stimulates downstream signal transduction by binding to tyrosine kinases of transmembrane receptors and promotes proliferation, mitosis, differentiation, and migration of endothelial cells to form new vascular cavities.^\[[@R6]\]^

As a new target in the treatment of cancer, antiangiogenic drugs have been actively investigated in tumor.^\[[@R7]\]^ Bevacizumab, a recombinant humanized monoclonal antibody against VEGF, is the first antiangiogenic drug approved by the Food and Drug Administration, which is now widely used in the treatment for cancer. Clinical evidence from ECOG 4599^\[[@R8]\]^ and AVAIL^\[[@R9]\]^ had laid the foundation for bevacizumab combined with standard chemotherapy as first-line therapy for NSCLC compared with standard chemotherapy alone, patients with advanced NSCLC had higher response rates and prolonged time to progression when treated with bevacizumab combined with standard chemotherapy.

Apatinib (HengRui Pharmaceutical Co, Ltd, Lianyungang, People\'s Republic of China), is a novel small molecule tyrosine kinase inhibitor which was approved in China in 2014. Apatinibbinds to the VEGFR-2 ATP binding site and selectively inhibits the phosphorylation of VEGFR-2 and tumor angiogenesis.^\[[@R10],[@R11]\]^ Based on the a promising phase III study in Chinese gastric cancer patients,^\[[@R12]\]^ apatinib had been admitted as a standard third line treatment for advanced gastric cancer in China. Apatinib has also been used in some small clinical practice or case report and has some potential efficacy as a salvage treatment for other advanced metastatic tumor such as breast cancer, esophageal cancer.^\[[@R13]--[@R16]\]^ However, there is no standard on the selection of case and treatment timing for patients with apatinib in solid tumor.

In this study, we retrospectively evaluated the efficacy and the safety profiles of apatinib in advanced NSCLC patients who had failed with second-line or more treatments in our medical center in a real-world treatment patterns. Clinicopathologic factors associated with prognosis were also concerned.

2. Material and methods
=======================

2.1. Patient selection
----------------------

All the patients were treated in Chongqing University Cancer Hospital between March 2016 and February 2018. Fifty-two advanced NSCLC patients who experienced progression after second-line and more treatments and received apatinib were included. The study protocol was approved by the Ethics Committee of Chongqing University Cancer Hospital. All participants provided informed consent before treatment.

Data were collected from the medical records and radiographic imaging records included gender, age, smoking history, histology, endothelial growth factor recepter (EGFR) mutation type, ECOG performance status, previous treatment, response, adverse events, and survival data. Inclusion criteria included: pathologically diagnosed or recurrent stage IV NSCLC; ECOG 0 to 2; at least 1 radiologically measurable lesion did not receiving local treatments such as radiotherapy and freezing; progression after previously second-line and above standard treatments, including molecular targeted therapy according to gene mutations and/or platinum-based chemotherapy and/or radiotherapy; no other active antitumor treatments were offered during the period of apatinib treatment; no history of severe heart disease, and liver and kidney function and bone marrow hematopoiesis are normal. The main exclusion criterion was patients with uncontrolled blood pressure with medication (\>140/90 mm Hg) and with those with bleeding tendency and receiving thrombolytics or anticoagulants.

2.2. Treatment regimen
----------------------

Patients were treated with oral apatinib at a daily dose of 500 mg, every 4 weeks for 1 treatment cycle. Dose reduction (250 mg QD) was allowed for drug-related toxicity. Re-evaluating computed tomography (CT) scans will be carried out after 2 cycles of treatment. Responding and stable patients continued the treatment until progression or unacceptable toxicity. Follow-up time was until the death of the patient or the end of the study.

2.3. Responses and toxicity assessments
---------------------------------------

The size of measurable lesions was determined by CT scan every 2 cycles. The tumor response was evaluated according to Response Evaluation Criteria in Solid Tumors 1.1 criteria.^\[[@R17]\]^ Tumor efficacy was evaluated included complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). The objective remission rate (ORR) was defined as the percentage of CR and PR. The disease control rate (DCR) was defined as the percentage of CR and PR and SD. In addition, toxicities were assessed by the National Cancer Institute Common Toxicity Criteria version 4.0.

2.4. Follow-ups
---------------

Progression-free survival (PFS) was defined as the period between the first date of apatinib treatment and the date of progression. Overall survival (OS) was defined as the period from the first date of apatinib treatment to death or the study ending. Follow-ups were conducted up to February 28, 2018. And the median follow-up period was 11.3 month (2.9--21 m).

2.5. Statistical analysis
-------------------------

Data analysis was performed using SPSS version 24.0 (SPSS Inc., Chicago, IL). The Kaplan--Meier method was performed to survival analysis for PFS and OS. The multivariate Cox regression model was used to estimate the treatment hazard ratios. Differences with a 2-sided *P*-value of \<.05 were considered statistically significant.

3. Results
==========

3.1. Patients characteristics
-----------------------------

A total of 52 patients retrospectively were collected. The patient\'s general information collection included gender, age, and pathological types, smoking status, EGFR mutations, ECOG scores, and prior treatment. Among them, 44 were male and 8 were female with a median age of 61 years (with the range of 32--77 years). According to their gene sensitizing gene mutations, all of them had received targeted treatment and/or platinum-based chemotherapy and/or radiotherapy before. Detection of *EGFR* gene by tissue had shown 6 of 8 patients were deletion of exon 19, while 1 was L858R in exon 21 and 1 was mutations in exon 20. And 43 patients had a PS of ECOG 0 or 1 and 9 patients had a PS of 2. The patients' characteristics are summarized in Table [1](#T1){ref-type="table"}.
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Characteristics of the study population.
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3.2. Survival and response
--------------------------

Nine of the 52 patients were not eligible for evaluation of the efficacy. Among these 9 patients, 7 patients could not follow-up. Another 2 patients stopped treatment after 2 weeks due to the sudden hemoptysis. A total of 43 patients were evaluated for efficacy. A total of 3 patients (6.9%) achieved PRs with an ORR of 6.9%. Twenty-six patients (60.5%) archived a SD status and 14 patients (32.6%) archived PD with a DCR of 67.4%.

The median progression-free survival (PFS) and median OS of all patients treated with apatinib as third-line or more were 3.8 months and 5.8 months, respectively (Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}).

![Progression-free survival curve of patients with apatinib treatment in advanced NSCLC who failed with second-line or more treatments. NSCLC = nonsmall cell lung cancer.](medi-98-e16967-g002){#F1}

![Overall survival curve of patients with apatinib treatment in advanced NSCLC who failed with second-line or more treatments. NSCLC = nonsmall cell lung cancer.](medi-98-e16967-g003){#F2}

Cox method was used for the univariate analysis of 43 patients with advanced NSCLC experiencing progression after 2 or more lines of treatment. Cox univariate analysis showed that ECOG score affected the PFS and OS of apatini treated advanced NSCLC patients who failed above second line. Patients with ECOG 0--1 scores had prolonged PFS compared with ECOG 2 patients (3.9 months vs 2.1 months, respectively, *P* = .029). And patients with ECPG 01 scores also had longer OS than that of ECOG 2 (6.4 months vs 4.1 months, *P* = 0.046). The gender, age, smoking status, pathology type and EGFR status of the patients were not the predictors of PFS and OS (Table [2](#T2){ref-type="table"}).
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Univariate analysis of progression-free survival and overall survival.
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The multivariate analysis also showed that the ECOG score was the independent factor of PFS and OS for the advanced NSCLC patients who were treated with apatinib after second-line and above standard regimens (PFS: hazard ratio \[HR\] = 4.446, 95% confidence interval \[CI\]: 1.185--16.678, *P* = .027; OS: HR = 8.149, 95% CI: 1.173--56.596, *P* = .034). The results are listed in Table [3](#T3){ref-type="table"}.
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Multivariate analysis of progression-free survival and overall survival.
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3.3. Adverse events
-------------------

The most common treatment-related adverse events of all levels were as follows: hypertension 19.2% (10/52), hand-foot syndrome 11.5% (6/52), gastrointestinal reactions 13.5% (7/52), mucous membrane reaction 17.3% (9/52), myelosuppression 3.8% (2/52), palpitation 5.8% (3/52), hemoptysis 3.8% (2/52), proteinuria 1.9% (1/52). Treatment-related adverse events of grade 3 accounted for 13.5%, including hypertension (n = 2), of which 1 case considered mild cerebral hemorrhage, palpitations (n = 2), hemoptysis (n = 2), thrombocytopenia (n = 1). The symptoms related to treatment-related adverse events of grade 3 were quickly reduced and recovered after a dose reduction and symptomatic treatment in time. Dose reduce were not needed for these grade I-II adverse events and the symptoms could be controlled well. There were no drug-related serious adverse reactions occurred in this study. The side effects are listed in Table [4](#T4){ref-type="table"}.
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Adverse effects of apatinib.
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4. Discussion
=============

In 1971, Professor Folkman proposed the theory of "starving tumors." The theory was that tumors need New blood vessels to provide rich nutrition and nutrients. By blocking the blood supply of tumors, tumor lesions could be no more than 2 to 3 mm.^\[[@R18]\]^ VEGF is a key mediator with neovascularization and the expression of VEGF in tumor is closely related to the early recurrence, metastasis and the prognosis of the tumor.

The family of VEGF and their receptors (vascular endothelial growth factor receptor \[VEGFR\]) were overexpressed on the surface of malignant tumors.^\[[@R19]\]^ VEGFR-2 is the most important VEGFR and it is mainly expressed on the surface of vascular endothelial cells and bone marrow-derived endothelial cells.^\[[@R20]\]^ Increased VEGFR-2 gene copy number was found in NSCLC tumor tissue.^\[[@R21],[@R13]\]^ The overexpression of VEGFs and VEGFRs plays an important role in the survival of patients with NSCLC.^\[[@R13]\]^

Although a few angiogenesis inhibitors such as bevacizumab combined with chemotherapy have shown improved OS or PFS in patients with lung, breast, renal, hepatic, and colon cancers, agents in angiogenesis alone had shown limited clinical value in metastatic NSCLC cancer.

Apatinib, one of the latest oral small-molecule angiogenesis inhibitors, selectively inhibits VEGFR-2, which may inhibit VEGF-stimulated endothelial cell migration and proliferation and decrease tumor growth and metastasis.^\[[@R10],[@R11]\]^ Li^\[[@R12]\]^ had reported a randomized, placebo-controlled phase III study of Apatinib in Chinese gastric cancer patients. Two hundred seventy three advanced gastric cancer patients after second-line failure were randomly assigned to receive 850 mg of apatinib and placebo in 2:1 ratio. Patients with apatinib had a significantly prolong the median OS compared with those treated with placebo (6.5 months vs 4.7 months, *P* = .0149). The study in breast cancer patients who used apatinib as the salvage treatment also had similar prolonged PFS and OS (3.3 months for PFS and 10.7 months for OS).^\[[@R13]\]^

For advanced NSCLC patients who have failed after second-line or more radiochemotherapy or targeted treatment, no definitive chemotherapeutic regimen has been recommended now. New treatment strategy is urgently needed especially for these who had a better performance status (PS). Song^\[[@R22]\]^ analyzed the efficacy of apatinib as a salvage treatment in 42 advanced NSCLC patients. Apatinib was approved effective in patients who were unresponsive to standard pretreatment before. In our study, the objective response rate and he DCR of apatinib were consistent with the previous study in the Chinese population. Our analysis revealed the median PFS was 3.8 months and the median OS was 5.8 months after Apatinib administration. These data suggest that the advanced NSCLC patient could acquire longer benefit from Apatinib treatment after second-line or more.

In our study, Cox univariate analysis showed that ECOG score affected the PFS and OS of apatinib treated advanced NSCLC above second lines. The gender, age, smoking status, pathology type and EGFR status of the patients were not the predictors of PFS and OS. In order to eliminate confounding factors, this study continued to use the cox proportional regression risk model for multivariate analysis. The multivariate analysis also showed that the ECOG score was the independent factor of PFS and OS for the advanced NSCLC patients who were treated with apatinib after second-line and above standard regimens. Apatinib maybe a treatment choice for these NSCLC patients who had a better PS. For various reasons, half of our patients did not undergo mutation gene detection during their course of disease. The multivariate analysis showed that previous treatments and EGFR mutation weren't the independent factor of PFS and OS for the patients.

The adverse events of apatinib especially III-IV grade side effects in different studies might be caused by the different dose and different cancer. The recommended dose for apatinib is 850 mg. While many trials had found the daily apatinib dose of 500 mg could have the similar efficacy as those of high dose while decrease the grade 3/4 toxicities significantly.^\[[@R13]\]^ One of a small retrospective study^\[[@R23]\]^ had reported a daily dose of 250 mg of apatinib was safe and effective in the treatment of NSCLC. In our center, a common recommended dose of 500 mg was used for more lines treated solid cancer patients considering the efficacy. And the majority of our patients were also willing to accept this dose for cost-effectiveness reasons too. Previous studies have found that the most common adverse events of apatinib were hypertension, hand-foot skin reactions, and proteinuria,^\[[@R22]--[@R25]\]^ although some case report showed gastrointestinal hemorrhage and perforation during apatinib treatment.^\[[@R26]\]^ Most of studies had supported that the adverse events of apatinib were dose-dependent and grade 3 to 4 side effects had found rare in low dosage.^\[[@R22]--[@R25]\]^ In our study, apatinib-related grade 3 toxicities occurred in 13.5% patients, which were lower than that in gastric carcinoma patients.^\[[@R12]\]^ The symptoms of III-IV grade side effects hypertension could be well controlled by drug suspension or dose reduction and symptomatic treatment. In our study, the common hematologic toxicities related to apatinib were mild. The toxicities of apatinib are similar to or better than those of other antiangiogenic drugs such as Bevacizumab^\[[@R8],[@R9],[@R27]\]^ or rh-endostatin.^\[[@R28]\]^ It seems that apatinib was safe in comparison with other antiangiogenic agents, especially lower than that in chemotherapeutics.^\[[@R29]--[@R31]\]^ This means apatinib maybe a promising alternative therapy for patients who had undergone more lines treatments.

In summary, our current real-life setting study data provides a valuable real-life evidence regarding treatments received apatinib in advanced NSCLC patients after more lines treatment. The major limitations of this study were retrospective nature and a small sample size. Compared with prospective studies, there may be potential biases in the selection of possible cases and may affect the conclusions in retrospective study. Even Statistical analysis was used to reduce unmeasured confounding factors, the small number of patients still limited in its ability to provide better conclusion. More prospective study with a chemotherapy or palliative treatment control group will give us a more credible conclusion. There are many questions should be answer in apatinib treatment in NSCLC. What is the appropriate cases for apatinib treatment and when is the best time to use apatinib in advanced NSCLC patients? Could the combination of apatinib and chemotherapy improve the benefit in NSCLC patients? To answer these questions, more clinical studies will needed; and furthermore, these questions can be offered for clinical treatment. In addition, the dose of 500 mg apatinib adopted in this study was not widely recommended. Hence, the most suitable dosage is needed be verified by further prospective large-scale studies. However, without prospective clinical studies in the literature, since our patients chose apatinib treatment randomly, our conclusion may be deemed as meaningful and closer to a real-world setting.
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